
Briqhtness Contrast

Strange as it may seem, our perception of the

brightness of an object we are studying often depends

more on the luminance of adjacent objects, than on

the luminance of the object of study.

Take, for instance, four squares each of which is

surrounded by a larger square of different brightness.

lf the central squares are printed with the same gray,

we would expect these squares to appear the same.

Notice, that the apparent brightness

squares appear unequal.

of these central
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You notice that the brightness of the squares vary

depending on the luminance of their background.

F The gray box printed on the dark

background appears lighter.

F The gray box printed on the light

background appears darker.

This effect is known as Simultaneous Brightness

Contrast.

This effect is an example of the preprocessing that is

going on in your eye before the visual images are

sent to your brain.

The fact that objects vary in brightness as a function

of the intensity of their background suggests that

there is some form of spatial interaction at work

between adjacent regions on the retina.
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What is happening:

F The ganglions of adjacent photoreceptors

in your eyes are sharing signals.

F The shared signals are telling your eyes to

alter the perception of the central gray

regions.

Notice, in particular, that the surface on a light

background appears darker. The response from the

retina has been reduced.

This suggests some form of inhibition of the response

as a function of activity in surrounding retinal areas.
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When you stop and think about what your eyes are

doing consider this:

F Despite increases in the amount of light

reaching your eye, depending on the

surroundings to an object the apparent

brightness of the object may actually decrease

depending on the brightness of the background

on which it rests.

As artists you can play with the perception of

brightness by the choice of the contrasting

background you can decide to place around your

central object or theme in your art.
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Mach Bands

An effect that was first discovered in the 1gth century

but was only understood much later in the last quarter

of the 20th century are the band pattern produced by a

border contrast.

Consider a step pattern made up of a series of

vertical uniform bands graded from black to white:

Notice, each vertical

left than on the right,

band appears to be lighter on the

producing a scalloping effect.
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It is worth noting that each band of the figure is of a

uniform shade from edge to edge. You can confirm

this by covering the figure so that only a single band

is visible. When you do this you show that the

contrast enhancement is indeed subjective.

The enhanced regions which occur at the points of

greatest change in luminance are called Mach Bands,

named after the Austrian physicist Ernst Mach.

This Border Contrast, afl enhancement which is

caused by a stimulus difference, is the result of the

luminance from the different regions interacting with

each other.

ln 1865 Mach proposed an explanation for this effect

in terms of opposed excitatory and inhibitory

influences in neural networks in the retina and brain.

The electrophysiological means to directly study this

effect did not become available until the 1920's.
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It is also possible to create Mach bands by using

horizontal lines.

ln the first illustration the black lines are a constant

thickness from the left to the midpoint and then

thicken gradually.

When the illustration is viewed from a distance,

vertical white line appears down the middle.
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ln this second illustration the horizontal black lines are

a constant thickness from the right side to the

midpoint and thin out.

When viewed from a distance, this illustration appears

to have a vertical dark band down the middle.
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One function of these interactions is obvious: lt is
crucial to perceive the borders, contours and edges of

objects even when there is not much physical

difference in the light intensities between the object

and its surroundings.

By augmenting the difference in the neural firing rates

of photoreceptors located on either side of the

boundaries of an image, the phenomena of border

contrast enables the perception of the contour or

edge of an object and thereby provides a necessary

step in the process of pattern recognition.

Border contrast enhances the perception of

discontinuities and enables the stable perception of

edges and forms.
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The importance of both Simultaneous Brightness

Contrast and Border Contrast demonstrate that

photoreceptor cells in our eyes may be inhibited by

the activity of adjacent photoreceptor cells.

This process is called Lateral lnhibition, because the

inhibition acts laterally (sideways) on adjacent cells.

The photoreceptors in our eyes are tied together by

ganglion cells. The ganglion cells share signals

between groups of photoreceptors. One of the types

of neural signals shared between ganglion cells

serves to inhibit the response of photoreceptors.

The amount of inhibition any given cell applies to an

adjacent cell depends on how strongly it is

responding, and how close the cells are to each other.

The more a photoreceptor is stimulated, and the

closer it is to another photoreceptor that is being

stimulated, the more intensely it will inhibit the other.
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Research has shown actual physiological evidence

indicates that such inhibitory spatial interaction does

take place in the eye.

The evidence has been gathered using

microelectrodes in electrophysiological research and

also doing neuro-anatomical studies.

How the process works is explained:
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